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In another  paper'  brief  mention  has  been  made  of  the  fact  that
seasonal variations in the susceptibility  of mice  to per os inoculation
with  the  bacillus  of  mouse  typhoid  have  been  observed.  In the
present communication  we  wish  to deal  more  fully with this obser-
vation, and by a rearrangement  of the mortality curves  to emphasize
the point more strongly.
The mice employed  in this study are  the ones  previously  referred
to.' They  consisted  of  3,120  animals,  arising  from  five  separate
strains  which  have  been  described  in  some  detail  in  the  previous
paper.  It was not possible in October  and November  to obtain  the
desired number of mice of all strains, and in these 2 months, therefore,
one  or more strains  were  completely lacking.  The  total number  of
mice  employed  in  each  strain  was  as  follows:  Bagg  mice  (albino),
685;  Hagedoorn  mice  (albino),  580;  Lathrop  mice  (black),  675;
Little  mice  (dilute  brown),  530;  Rockefeller  Institute  mice  (albino),
650.  Total,  3,120.
EXPERIMENTAL.
As noted in the preceding paper, routine monthly  tests were made with these
five strains of mice throughout  a year.  On the day before they were inoculated
with  the mouse  typhoid  bacillus each  mouse  was  placed  in a separate  battery
Pritchett,  I. W., J. Exp. Med.,  1925,  xli,  195.
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jar  partly  filled  with  shavings.  The  next  morning  a  dilution  of  1:100  of an
18 hour broth  culture  of M. T. II was made in bouillon,  from which  three dilu-
tion plates were poured for the purpose of counting the organisms present.  Each
mouse then received by stomach tube 0.5 cc. of this 1:100 dilution of the original
culture, containing  on  an average  about 5,000,000  mouse  typhoid bacilli.  The
whole  series  of mice  was fed  directly after the inoculation  with  the usual  daily
diet of bread soaked in pasteurized  Grade B milk.  Each experiment was allowed
to  run for  8  weeks,  during  which  time  the  deaths  were  recorded  daily  and
mortality curves plotted.
The  results of the monthly tests  are shown  in  Text-fig.  1.  From
above  downward  the  charts  are  arranged  in  chronological  order,
and in each  chart is included,  in addition  to the curves for  the five
strains  of  mice,  Webster's2 standard  control  curve  for  the  Rocke-
feller Institute  strain.  This  curve,  remaining  constant  throughout
all the charts, serves as a graphic indicator of the changes from month
to month in the height and pitch of  other curves.  It  is evident that
a  seasonal  rhythm has  occurred  in all  these  strains  of  mice  to in-
oculation  with the bacillus  of  mouse  typhoid.  As  has been  briefly
noted in  the  preceding paper,  the curves tend  to fall, with some  ir-
regularities,  into  three  classes:  (a)  the high  spring  curves,  (b) the
low summer curves,  and (c) the fall and winter curves which roughly
represent the average between the two extremes.  These three classes of
curves are most sharply indicated by the Bagg and Rockefeller Institute
mice.  The Hagedoorns  clearly show  the marked  spring rise (Febru-
ary  to May  inclusive),  followed  by a drop in mortality  during June
and July to a level comparable  to that of the curves of the preceding
fall  and winter; but  the  summer mortality,  while  lower than in  the
spring,  is not the lowest  for the year,  so that a high spring group of
curves  and  a  lower  group  composed  of  summer,  fall,  and  winter
curves  are  all  that  can  be  distinguished.  The  case  of  the  Little
mice is somewhat similar.  Unfortunately the October and November
curves  had  to  be  omitted  for  this  strain  because  of  an  insufficient
supply of mice  at that  time, but from  December  to May  inclusive,
and  again in  August  and  September,  practically  all the  curves  are
high and  steep, while the low group of curves is represented  by those
for June  and July,  and  the median  group is altogether  lacking.
2 Webster,  L.  T., J.  Exp. Med.,  1923,  xxxvii,  231.
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It  should be noted that although  the Lathrop mice differ  from  the
other  strains in that they show  very little variation  in their response
to the inoculation  throughout  the year, such seasonal fluctuations  in
susceptibility  as they exhibit correspond  closely to  the more marked
fluctuations occurring  in the other four strains.  This may be clearly
seen  from a study of Text-fig.  2,  which  shows curves constructed  for
each strain from the total mortality figures obtained in the successive
monthly  experiments,  together with an average curve  for all strains.
The  months are indicated  on  the abscissa,  and  the curves are placed
one  above  the  other  at  such  short  intervals  that,  while  no  two
curves overlap,  the form  of all curves  can be readily  compared.  In
general it may be seen that there are two spring  peaks  in the curve
of each  strain,  one in February  and one in  May.  In  the  curves  of
the Bagg, Hagedoorn,  and Lathrop  strains,  as well as in the average
curve  for all strains, the May peak is the  higher, while in the Little
and  Rockefeller  Institute  strains  the  February  peak  surpasses  the
May  peak.  Nevertheless  in  general  the  form  of  all  curves  is  the
same, such differences  as exist being, for the most part,  quantitative.
In all strains there is a high mortality level during the spring, a lower
level during the summer, and in the fall a sharp increase  in mortality
rate.
DISCUSSION.
Seasonal variation in the susceptibility  of  rabbits  to  a  transplant-
able  tumor  of  rabbit origin  has  recently  been  described  by Brown,
Pearce, and Van Allen.8 In a second paper4 they record  observations
on  seasonal  fluctuation  in  the  weight  of  various  rabbit  organs  and
call attention  to  the  correlation  observed  between  both  tumor  sus-
ceptibility  and  organ  weight  and  the  available  hours  of  sunlight.
Even  more  recently  a paper  has  appeared  by  Elton'  on  periodic
fluctuations  in  the  death  rate  among  normal  animals  of various
species  in  which  the  influence  of  climatic  changes  is  also  stressed.
8 Brown,  W. H., Pearce, L.,  and Van  Allen,  C.  M., Proc. Soc. Exp. Biol. and
Med.,  1923-24, xxi,  371.
4Brown,  W. H., Pearce,  L., and Van Allen,  C.  M., Proc. Soc. Exp. Biol. and
Med.,  1923-24, xxi,  373.
6Elton,  C. S.,  Brit. J.  Exp. Biol., 1924, ii,  119.
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For  the  most part  the  recent papers  on  seasonal  variations  in  sus-
ceptibility  concern  themselves primarily with  diet deficiencies.
Since Webster6 has shown that the virulence factor for paratyphoid-
enteritidis  strains  is  relatively  constant  and  since,  under  the  con-
ditions  of  our  tests,  the  dosage  factor  has  been  rigidly  controlled,
we  feel justified in assuming that the seasonal variations in  mortality
rate recorded  for  these  mice  are  due to  fluctuations  in host  suscep-
tibility.  The  strain  of M.  T. II (Bacillus pestis cavie)  used in  the
tests  is kept on agar at a constant  temperature  (+4 0C) throughout
the year,  and transferred  to  fresh  agar at regular  intervals.  It  has
had  no  animal  passage  for  more  than  2 years.  Nevertheless  when
transferred  to  broth  and  inoculated  in  doses  containing  approxi-
mately equal numbers  of bacilli it has given rise to a distinct seasonal
rhythm in the mortality rate  of the five strains  of mice employed.
That  the  seasonal  variation  in  mortality  rate  observed  in  these
tests  will  be  duplicated  next year  with  the mouse  typhoid  bacillus
or  with  another  organism  cannot  be  foretold.  Indeed,  we  have
formed  the  impression  that the  accentuation  of spring curves noted
may  be  unusual,  and  that  the  seasonal  fluctuations  here  recorded
may be more pronounced than would often be the case.  It is already
apparent  that  the  curves  for  September  are  far higher  than  those
obtained  in  the  preceding  autumn  months,  which  may  presage  an
even  higher  mortality  average  for  all  strains  this  year  than  last.
Though we  have not  heretofore  made any exact  study of  the occur-
rence  of seasonal  variation  in the  susceptibility  of our  mice,  it has
been  commonly  observed  in  this  laboratory  since  the early  days of
the work  on  the epidemiology  of  mouse  typhoid  that the mortality
curves of mice taken from the regular Institute stock tend to be lower
during  the  summer  months  than  those  of  similar  mice  inoculated
during the autumn and winter.  It  was for this reason that Webster,
in  constructing  his  standard  control  curve  for  the  Institute  mice,
used  only  the  curves  of mice  inoculated  during  the  winter months,
believing  them  to  be  more  representative  than  the  lower  summer
curves.  A solid experimental  basis  for this  belief is provided  by the
12  curves  constructed  during  the past  year  for the  Institute  mice,
I Webster, L. T., J. Exp. Med., 1923,  xrxviii, 45.
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of  which  the  average  for  the  autumn  and  winter  closely  approxi-
mates  Webster's  standard  control  curve  and lies about  midway  be-
tween  the high spring and  the low summer  curves.
SUMMARY.
Seasonal variations  are  described  in the response  of five  strains of
mice  to  inoculation  with  the  Type  II  bacillus  of  mouse  typhoid
(Bacillus pestis cavie).  There  occurred  in the  case of  all  strains  a
high peak  of mortality during the spring, a lower death  rate  during
the summer, and a subsequent  autumn  rise in the  number of deaths.